The dielectric behavior of composite of epoxies having different composition of prepolymer and epoxy equivalent is investigated in the frequency range 1E-1Hz to 1E5Hz at room temperature. The measurements presented consist of two sets of sample of epoxy resin with two different proportions 1:1 and 1:0.5 of resin and hardener. Samples having different proportion of resin and hardener shows low frequency dispersion (LFD) in the frequency range below 3 KHz at small thickness (less than 0.38mm). At large thickness the sample response is similar for the two different proportions.
INTRODUCTION
Due to the outstanding strength, resistance to the weathering and fraction, lightweight and less fuel consumption, the composite of polymeric materials consisting epoxy resin as a dielectric matrix, have received an increasing attention in aerospace, aircraft, electronic and automobile industries. Dielectric Spectroscopy of composite of epoxy resin has proved to be a strong diagnostic tool in study of the structure and properties of the system. In this work this technique was used to resolves the interaction in the frequency range from 1E-1 Hz to 1E5 Hz at room temperature where the rms voltage is 0.7v as a function of frequency, temperature, composition and thickness [1] [2] [3] [4] .
In the present work the dielectric properties of composite of epoxy resin having two different proportions of the epoxy and hardener are investigated with composition as a parameter in a wide range of frequencies at different thickness.
EXPERIMENTAL DETAILS
A commercially available Epoxy resin SF-10 has been used to form sample of composite of epoxy resin. Two different sets of samples have been prepared. Samples of set 1 were prepared as follows: A ratio of 1:1 of prepolymer and epoxy equivalent respectively was mixed. The net weight of the mixture was 0.77mg. Continuous stirring was employed during preparation. A fixed quantity (0.05 mg) of mixture was poured on a plastic sheet PC82-T6, prior to pouring the sheet was cleaned by acetone to remove all dust particles and contamination and then it was placed on a leveled surface. After pouring the mixture on plastic sheet, each sample was covered with another piece of the same plastic sheet so that a circular disc of flat surface and of even thickness of the sample could be obtained. Curing was carried out at room temperature for a period of 16 hrs. The electrodes were applied in the sandwich geometry by painting them with Ag paint through a mask of a predetermined area (0.04cm 2 ). Thin copper wires were used to make the electrical connections. The surface area of the electrode was kept smaller as compared to the total surface area of the sample, to avoid the effects of surface leakage current [5, 6] .
Samples, of set 2 were prepared, by using a ratio of 1:0.5 of prepolymer and epoxy equivalent respectively. The net weight of the mixture was 0.62mg. The method of the sample preparation was same as of samples of set 1.
The dielectric measurements were performed on an automated system for recording inphase and quadrature component of current as a function of frequency [7] . The data has been recorded in the frequency range 1E-1Hz to 1E5Hz, with zero dc bias at room temperature. Each sample was placed in a sample holder and the sample holder was placed in the dessicator so that the humidity level remains constant.
RESULTS
Dielectric loss and capacitance versus frequency of equal proportion, 1:1 of epoxy resin and hardener is shown in Figure 1 at room temperature. The loss response is scattered in the frequency range from 8 Hz to 1E3 Hz but above 1E3 Hz series resistance effect is dominant and below 8 Hz for the thickness 0.56mm the slope of dielectric loss is 0.55 which decreases to zero at the thickness ranges 0.4mm to 0.46mm and it further decreases to -0.82 for the thickness 0.36mm. The change in slope shows that in the low frequency range for all thickness ranges above 0.36mm the value of n 1 represents low loss behavior. Dielectric loss and capacitance versus frequency of unequal proportion 1:0.5 of epoxy resin and hardener is shown in Figure 2a at room temperature. The response of the samples having thickness 0.16mm and 0.28mm show that in the low frequency region the exponent lies in between 0<n<0.2. The transition frequency c also shifts towards the higher frequency as the thickness decreases from 0.6mm to 0.16mm. For the thickness ranges 0.16mm to 0.28mm the response show dispersion at low frequency in C ( ) and C ( ) are parallel [8] and the separation between them is equal to cot(n /2) thus show an excellent K-K compatibility.
At thickness 0.32mm to 0.38mm the response in Figure 2a shows that the parallelism between C' ( ) and C'' ( ) is replaced by a bulged, over first four decades of frequency the loss data has a slope -1, whereas capacitance has a slope -2 in the first two decade but in the last three decades the change is very slow.
For thickness 0.84mm and 0.6mm Figure 2a shows that above 2E3 Hz series resistance effect is dominant. In the frequency range of 100 Hz to 2E3 Hz the loss increases as the frequency decreases with n=0.6 and below 100 Hz in the frequency region 3 Hz to 100 Hz the change in dielectric loss is negligible but below 3Hz the loss decreases with decrease in frequency. Where as the change in capacitance is negligible for the whole range of frequency. Figure  2b . Figure 2a shows that for the thickness 0.32mm, 0.38mm and 0.6mm the response follows MaxwellWagner response, which changes to pure power law behavior at small thickness, and it is K-K compatible [9] [10] [11] .
The model circuit of Figure 2a is shown in
Dielectric permittivity of the two set of sample are plotted as a function of frequency, at thickness 0.34mm and 0.36mm, 0.4mm and 0.46mm, 0.6mm and 0.56mm shown in Figure 3 . The permittivity of sample having equal proportion of the composite 1:1 is low in the whole range of frequency as compared to the permitivity of samples having unequal proportion 1:0.5.
DISCUSSION
The response of epoxy resin having equal proportion of resin and hardener (Figure 1) has exponent m tending to zero at small thickness corresponds to weakly correlated flip-flop transition. The increase in exponent m with the increase in thickness reflects strong correlated flip-flop transition due to the increase in chain length of the composite that changes structural order of the epoxy resin. As the chain length increases the composite becomes heavily cross-linked material having dense three-dimensional network of covalent bonds in them, with little freedom for motion by the individual segments of molecules involved in structure [12, 13] (from Jonscher 1981).
The dielectric response of the epoxy resin having unequal proportion of resin and hardener (Figure 2a) shows that when the proportion of hardener decreases the binding strength of the mixture also decreases and a steep rise in loss and capacitance at small thickness (less than 0.38mm) is observed. The response of sample of set2 shown in Figure 2a is represented by an equivalent circuit shown in Figure 2b . The analysis of the response shows that for the thickness 0.16mm and 0.28mm a steep rise in loss and capacitance is observed the response follows the power law behavior and it is K-K compatible thus it is concluded that for these thicknesses the samples behavior is purely dispersive shown by a dispersive capacitor C n , where as with the increase in thickness the parallelism between loss and capacitance is replaced by the bulged, shows that the increase in thickness increases the charge hindrance and the slope of loss comes closer to 1 and the slope of real part is equal to -1+n [14, 15] . The slopes represents that the response follows the behavior of a series combination of C n with a resistor R, in Figure 2b this effect is shown by adding a resistance R in series of the dispersive capacitor C n . Except 0.16mm for all other thickness the real part has a constant value at high frequency end for the last three decades. This effect can be equalized by placing a high frequency capacitor C in parallel of the series combination of the dispersive capacitor C n and resistance R. The analysis gives a result that at small thickness the sample follows low frequency dispersion but at large thickness due to a well defined saturation in C ( ) and -1 slope for the loss in the low frequency region, it cannot considered as LFD [16] The possible reason of this behavior is the dipole-like hopping transition between very narrow allowed bands due to weak van der Waal bonds between neighboring molecules [1] . Figure 3 show a comparison of the dielectric permitivity of the two sets of the samples, the result shows that the dielectric permitivity of the samples of set 1 has negligible change in the whole range of frequency but as the proportion of epoxy equivalent is reduces the permitivity increases in the first three decade of the low frequency range. Whereas the increase in dielectric permitivity of the samples of set 2 is steeper as the thickness of the samples reduces. By comparing the response of dielectric permittivity ( Figure  3) it concludes that by increasing the proportion of the epoxy equivalent the composition the bulk resistance of the sample increases [17, 18] .
CONCLUSION
Dielectric capacitance and loss of composite of epoxy resin of different proportion follows LFD in the low frequency region because of the presence of the localized states in which high masses of low mobility charge carriers contribute to the process of localization. Dielectric capacitance and loss decrease when the ratio of hardener increases because with the increases in chain length the system becomes heavily crosslinked material and act as an insulator.
